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DISTRIBUTED RENDERING OF PRINT JOBS 



TECHNICAL FIELD 

The present invention relates to printing devices and print rendering 
5 engines. More particularly, the invention relates to a system that allows one or 
more external print rendering devices to assist a printer in rendering a print job. 

BACKGROUND 

In many situations, a printing device (such as a printer) is coupled to a 
10 processing device, such as a personal computer or a workstation that helps 
render a print job printed by the printing device. The processing device 
generates one or more print jobs to be printed on the printer. For example, the 
print jobs can be generated by one or more application programs executed by 
the processing device. The print jobs may include any type of graphical 
15 elements or information supported by the printer, including text, pictures, and 
so forth. The processing device typically translates the print job into a 
language that is understood by the printer, such as Printer Control Language 
(PCL) or Postscript. A particular printer may understand a single language, 
thereby requiring the processing device to translate the print job into that single 
20 language. This type of printer requires an attached processing device to 
convert the raw print job data into a format (i.e., language) that is understood 
by the printer. 

Other printers may be capable of processing print jobs in multiple 
languages. These printers are typically more complicated because they are 
25 required to identify, interpret and process print commands in several different 
languages. Although these printers are more complicated, they typically 
require an attached processing device to provide the print job and other printer 
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control information to the printer. Another type of printer contains its own 
print rendering engine that is capable of generating a printed output document 
from raw print job data. Although this type of printer contains its own print 
rendering engine, it is typically coupled to a processing device, such as a 
5 computer, to receive the raw print job data generated, for example, by an 
application running on the computer. 

Connecting each printer to a computer or other processing device 
increases the overall cost of supporting the printer. If the printer is more 
sophisticated (e.g., has its own print rendering engine), then the printer requires 

10 fewer processing resources from the computer. However, if the printer is 
inexpensive or supports a limited number of languages, then the computer may 
be required to perform more processing of the print job prior to communicating 
the print job to the printer. 

The invention described herein provides an improved printing system 

1 5 that allows the distribution of print rendering functions to one or more remote 
print rendering engines. 



SUMMARY 

The present invention allows a printer to send portions of a print job to 
20 one or more remote print rendering devices, which assist the printer by 
rendering a portion of the print job and returning the rendered portion of the 
print job to the printer. Thus, the printer may have a simple print rendering 
engine that relies on other print rendering devices to process complex print 
jobs. 

25 In one embodiment, a print job is handled by first determining whether 

the entire print job can be processed locally. The print job is processed locally, 
if possible. If the entire print job cannot be processed locally, then the print job 
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is sent to an external rendering device. A rendered print job is received from 
the external rendering device and printed. 

According to one aspect of the invention, a portion of the print job that 
cannot be processed locally is sent to an external rendering device. 
5 According to another aspect of the invention, a first portion of the print 

job that cannot be processed locally is sent to a first external rendering device 
and a second portion of the print job that cannot be processed locally is sent to 
a second external rendering device. 

In a particular embodiment, the external rendering device is a server 
] 0 accessible via the Internet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not limitation 
in the figures of the accompanying drawings. The same numbers are used 
1 5 throughout the figures to reference like components and/or features. 

Fig. 1 illustrates a network environment in which multiple servers, 
workstations, and printers are coupled to one another via a data communication 
network. 

Fig. 2 is a block diagram showing pertinent components of a printer in 
20 accordance with the invention. 

Fig. 3 is a block diagram showing pertinent components of a computer 
workstation in accordance with the invention. 

Fig. 4 is a flow diagram illustrating a procedure for processing a 
particular print job. 

25 Fig. 5 illustrates a workstation, a server, and a printer coupled together 

via the Internet. 
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Fig. 6 is a flow diagram illustrating a procedure for retrieving and 
printing a document. 

DETAILED DESCRIPTION 

5 The present invention allows a printer to send all or part of a print job to 

one or more remote print rendering devices, which assist the printer by 
rendering all or part of the print job and returning the rendered portion of the 
print job to the printer. This allows the printer to have a simple print rendering 
engine that relies on other print rendering devices to process complex print 
10 jobs. 

Fig. 1 illustrates a network environment in which multiple servers, 
workstations, and printers are coupled to one another via a data communication 
network 100. The network 100 couples together servers 102 and 104, 
computer workstations 106 and 108, and printers 110 and 112. Network 100 

15 can be any type of network, such as a local area network (LAN) or a wide area 
network (WAN), using any type of network topology and any network 
communication protocol. In a particular embodiment, network 100 is the 
Internet. Although only a few devices are shown coupled to network 100, a 
typical network may include tens or hundreds of devices coupled to one 

20 another. Furthermore, network 100 may be coupled to one or more other 
networks, thereby providing coupling between a greater number of devices. 

Servers 102 and 104 may be file servers, email servers, database servers, 
print servers, or any other type of network server. Workstations 106 and 108 
can be any type of computing device, such as a personal computer. Particular 

25 embodiments of the invention illustrate printers 110 and 112 as laser printers. 
However, alternate embodiments of the invention are implemented with ink-jet, 
bubble-jet or any other type of printer. Furthermore, the teachings of the 
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present invention may be applied to any type of printing device, such as copiers 
and fax machines. Although not shown in Fig. 1, one or more workstations 
and/or servers may contain a print rendering engine capable of converting raw 
print job data into a particular format (e.g., language) understood by certain 
5 types of printers. As further discussed below, a printer menu editor application 
is executed on workstation 106 or 108, or on server 102 or 104, to create or 
modify a printer menu structure. After the printer menu structure has been 
completed, the menu is "installed" by communicating the menu data across 
network 100 to one or more printers, such as printer 1 10 or 1 12. 

10 Fig. 2 is a block diagram showing pertinent components of printer 110 

in accordance with the invention. Printer 110 includes a processor 120, an 
electrically erasable programmable read-only memory (EEPROM) 122, and a 
random access memory (RAM) 124. Processor 120 processes various 
instructions necessary to operate the printer 110 and communicate with other 

15 devices. EEPROM 122 and RAM 124 store various information such as 
configuration information, fonts, templates, data being printed, and menu 
structure information. Although not shown in Fig. 2, a particular printer may 
also contain a ROM (non-erasable) in place of or in addition to EEPROM 122. 
Printer 110 also includes a disk drive 126, a network interface 128, and a 

20 serial/parallel interface 130. Disk drive 126 provides additional storage for 
data being printed or other information used by the printer 1 10. Although both 
RAM 124 and disk drive 126 are illustrated in Fig. 2, a particular printer may 
contain either RAM 124 or disk drive 126, depending on the storage needs of 
the printer. For example, an inexpensive printer may contain a small amount of 

25 RAM 124 and no disk drive 126, thereby reducing the manufacturing cost of 
the printer. Network interface 128 provides a connection between printer 110 
and a data communication network, such as network 100. Network interface 
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128 allows devices coupled to a common data communication network to send 
print jobs, menu data, and other information to printer 110 via the network. 
Similarly, serial/parallel interface 130 provides a data communication path 
directly between printer 110 and another device, such as a workstation, server, 
5 or other computing device. Although the printer 110 shown in Fig. 2 has two 
interfaces (network interface 128 and serial/parallel interface 130), a particular 
printer may only contain one interface. 

Printer 110 also contains a user interface/menu browser 132 and a 
display panel 134. User interface/menu browser 132 allows the user of the 

10 printer to navigate the printer's menu structure. User interface 132 may be a 
series of buttons, switches or other indicators that are manipulated by the user 
of the printer. Display panel 134 is a graphical display that provides 
information regarding the status of the printer and the current options available 
through the menu structure. In a particular embodiment of the invention, the 

15 display panel 134 is a liquid crystal display having a two-dimensional array of 
pixels capable of generating various fonts, icons, and other images. In one 
implementation of the invention, user interface 132 is a touch- sensitive screen 
that overlays display panel 134. Thus, the user can provide input to the printer 
110 by touching the appropriate portion of the touch screen. The touch screen 

20 is substantially transparent such that the images displayed on panel 134 are 
visible to the user through the touch screen. The touch screen may be used in 
combination with one or more physical buttons or switches on the printer. 

The printer 110 display panel 134 displays various menu options to the 
user of the printer. The display panel and associated control buttons allow the 

25 user of the printer to navigate the printer's menu structure. An exemplary 
printer menu structure has a hierarchy of menu elements. When one of the 
menu elements is selected, the printer display changes to illustrate the new 
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menu elements in the next level of the hierarchy. Alternatively, if the selected 
menu element is a printer function or other action, the appropriate procedure is 
performed. For example, if the selected menu element prints a particular 
document, then the printer performs the necessary operations to print the 
5 document. 

Fig. 3 is a block diagram showing pertinent components of a computer 
workstation 106 in accordance with the invention. Workstation 106 includes a 
processor 140, a memory 142 (such as ROM and RAM), user input devices 
144, a disk drive 146, interfaces 148 for inputting and outputting data, a floppy 

10 disk drive 150, and a CD-ROM drive 152. Processor 140 performs various 
instructions to control the operation of workstation 106. Memory 142, disk 
drive 146, and floppy disk drive 150, and CD-ROM drive 152 provide data 
storage mechanisms. User input devices 144 include a keyboard, mouse, 
pointing device, or other mechanism for inputting information to workstation 

15 106. Interfaces 148 provide a mechanism for workstation 106 to communicate 
with other devices. 

Fig. 4 is a flow diagram illustrating a procedure for processing a 
particular print job. Initially, a printer user selects a particular document to 
print (step 200), for example, by selecting a document from the menu of 

20 documents displayed on the printer's display panel. In this example, the 
document is stored within the printer. However, other embodiments access the 
document from another device coupled to the printer (such as a workstation or 
a server). The printer determines whether the entire print job (i.e., the entire 
document) can be processed locally by the printer (step 202). To process the 

25 entire print job locally, the printer must be able to interpret the language or 
format in which the document is stored. For example, if the document data is 
stored in a raw data format and the printer only understands the Printer Control 
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Language (PCL) language, then the printer cannot process the document until 
some other device or process converts the raw data into a PCL format. 
However, if the document is already stored in a format that is understood by the 
printer, then the printer can process the document without assistance from an 
5 external device. 

If the printer can process the entire print job, then the document is 
printed by the printer (step 206). If the printer cannot process the entire print 
job, then the printer identifies the portions of the document (i.e., print job) that 
it cannot process locally (step 208). In certain cases, the printer may be unable 

10 to process any part of the document, thereby requiring the entire document to 
be processed externally. In other situations, a portion of the print job may be in 
a format understood by the printer, while other portions of the print job are in a 
format not understood by the printer. In this situation, only the portions that are 
not understood by the printer need to be processed by an external device or 

15 process. 

The printer begins processing the portions of the print job that it is 
capable of printing (step 210). At the same time, the printer sends the portions 
of the print job that cannot be processed by the printer to one or more external 
devices that will render those portions of the print job (step 212). Multiple 

20 external devices may be used if several different formats are used in the print 
job or to increase the overall speed at which the print job is rendered. After the 
external devices have rendered portions of the print job, the rendered portions 
are returned to the printer for printing (step 214). The printer then prints the 
entire print job by combining the portions of the print job processed by the 

25 printer with the portions processed by an external device (step 216). 

In a particular embodiment, the printer can only render documents that 
are formatted in the native language of the printer. Thus, the printer may 
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require all portions of a particular print job to be processed by an external 
rendering device if all portions of the print job are in a non-native language of 
the printer. By supporting only a native printing language, the cost of such a 
printer is reduced. 

5 Fig. 5 illustrates a workstation 242, a server 244, and a printer 240 

coupled together via the Internet 246. The workstation 302 includes a 
rendering engine 248 that is capable of processing data into a format 
understood by printer 240. Similarly, the server 244 includes a rendering 
engine 250 that can process raw data into a language understood by printer 240. 

10 Rendering engines 248 and 250 are capable of rendering a document into a 
directly printable format by incorporating any fonts, templates, or other data 
required to render the document. 

In the example of Fig. 5, printer 240 may be an inexpensive printer with 
a modest print engine. To print most documents, printer 240 will require 

15 assistance from rendering engine 248 and/or 250. Rendering engines 248 and 
250 may process the same types of data or may each process a different type of 
data. For example, rendering engine 248 may process data into a PCL format 
and rendering engine 250 processes data into a Postscript format. Thus, if the 
printer 240 can interpret PCL, then print jobs for that printer would typically be 

20 processed by rendering engine 248. Other printers (not shown) that can 
interpret Postscript, would typically have their print jobs processed by 
rendering engine 250. In another example, rendering engine 248 renders 
textual data and rendering engine 250 renders photographic data. Thus, the 
printer 240 may use either or both rendering engines 248 and 250 depending on 

25 the content of the print job being processed. 

Fig. 6 is a flow diagram illustrating a procedure for retrieving and 
printing a document. A printer user selects a particular document to print (step 
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270). In this example, the selected document is not stored within the printer. 
Instead, the selected document is stored on a remote server which is accessible 
via a network such as the Internet. In this example, the location of the actual 
document is identified by a Uniform Resource Locator (URL). The printer 
5 identifies the URL associated with the document and accesses that URL (step 
272). The printer receives an HTML document associated with the accessed 
URL (step 274). This HTML document may be accessed by multiple printers 
coupled to the same network. Thus, a single server or workstation on the 
network can store a common copy of the document that is accessed by all 

10 printers, thereby eliminating the need to store the same document in multiple 
printers or on multiple servers. 

The printer determines whether it can process the entire HTML 
document (step 276). If the printer can process the entire HTML document, 
then the printer processes the document (step 280). Otherwise, the printer 

15 identifies one or more portions of the HTML document that it cannot process 
(step 282). The printer then sends the portions of the document that the printer 
cannot process to one or more external rendering devices (step 284). At the 
same time, the printer processes the portions of the document that it is capable 
of printing (step 288). In a particular example, the entire HTML document is 

20 processed by an external rendering device. The printer receives the rendered 
portions of the document from the external devices (step 286). The printer then 
prints the HTML document by combining the portions processed by the 
external devices with the portions processed by the printer (step 290). 

In the example of Fig. 6, the printer does not require a local computer or 

25 other processing device connected to the printer. Instead, the printer 
communicates an appropriate rendering engine via the Internet. Thus, the 
printer may be located anywhere that an Internet connection can be established. 
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Furthermore, the cost of operating the printer is reduced because a local 
processing device is not required. The processing requirements for the printer 
can be handled by one or more servers or other processing devices coupled to 
the Internet. For example, a single server coupled to the Internet may support 
5 tens or hundreds of individual printers. Additionally, a single printer may 
support multiple types of documents (e.g., Postscript, HTML, and PCL) by 
accessing a processing device with the appropriate rendering engine. The 
rendering engine renders the document in the native language of the printer, 
such that no further translation of the document is required. 

10 In an alternate embodiment, step 284 provides a pointer to an external 

rendering device that identifies the portion of the document that requires 
processing. The external rendering device then retrieves those portions of the 
document from the server or other device that contains the document. This 
eliminates the need for the printer to transmit the portions of the document to 

15 the external rendering device. 

The printers described herein are particularly useful for printing product 
brochures and other literature regarding products and services offered by a 
particular organization. The printer can be "self-serve" by allowing a user to 
select their desired documents using the printer's menu, without requiring any 

20 other personnel to help operate the printer. Other applications for this type of 
printer include generating documents related to the user's financial account 
(e.g., bank account, brokerage account, or credit card account). Other financial 
documents such as a listing of current interest rates or a blank loan application 
can be printed by the printer. 

25 Thus, a distributed print rendering system has been described herein that 

allows a printer to send portions of a print job to one or more remote print 
rendering devices. These remote print rendering devices assist the printer by 
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rendering a portion of the print job and returning the rendered portion of the 
print job to the printer. This distributed print rendering system allows the 
printer to have a simple print rendering engine that relies on other print 
rendering devices to process complex print jobs. 

Although the invention has been described in language specific to 
structural features and/or methodological steps, it is to be understood that the 
invention defined in the appended claims is not necessarily limited to the 
specific features or steps described. Rather, the specific features and steps are 
disclosed as preferred forms of implementing the claimed invention. 
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CLAIMS 



1. A method of handling a print job, the method comprising: 
determining whether the entire print job can be processed locally; 
5 processing the print job locally if possible; 

if the entire print job cannot be processed locally: 

sending the print job to an external rendering device; 

receiving a rendered print job from the external rendering device; 

and 

10 printing the rendered print job received from the external 

rendering device. 



2. A method as recited in claim 1 wherein sending the print job to an 
external rendering device includes sending a portion of the print job that cannot 

1 5 be processed locally to an external rendering device. 

3. A method as recited in claim 1 wherein sending the print job to an 
external rendering device includes sending a first portion of the print job that 
cannot be processed locally to a first external rendering device and sending a 

20 second portion of the print job that cannot be processed locally to a second 
external rendering device. 
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4. A method as recited in claim 1 wherein the external rendering 
device is accessible via the Internet. 

5. A method as recited in claim 1 wherein the external rendering 
device is a server coupled to the Internet. 

5 

6. A method as recited in claim 1 wherein determining whether the 
entire print job can be processed locally is performed by a local printer. 

7. A computer-readable memory containing a computer program that 
10 is executable by a processor to perform the method recited in claim 1 . 

8. A method of handling a print job, the method comprising: 
identifying portions of the print job that can be processed locally; 
processing the identified portions of the print job locally; 

15 sending the portions of the print job that cannot be processed locally to 

an external rendering device; and 

receiving rendered portions of the print job from the external rendering 
device. 

20 9. A method as recited in claim 8 further including printing the print 

job by combining portions processed locally and rendered portions received 
from the external rendering device. 
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10. A method as recited in claim 8 wherein sending the portions of 
the print job that cannot be processed locally to an external rendering device 
includes sending a first portion of the print job that cannot be processed locally 
to a first external rendering device and sending a second portion of the print job 

5 that cannot be processed locally to a second external rendering device. 

11. A method as recited in claim 8 wherein the external rendering 
device is accessible via the Internet. 

10 12. A method as recited in claim 8 wherein the external rendering 

device is a server coupled to the Internet. 

13. A method as recited in claim 8 wherein identifying portions of 
the print job that can be processed locally is performed by a local printer. 

15 

14. A computer-readable memory containing a computer program 
that is executable by a processor to perform the method recited in claim 8. 

15. A printer comprising: 
20 a communication interface; and 

a processor coupled to the communication interface, wherein the 
processor determines whether an entire print job can be processed by the 
printer, if the entire print job cannot be processed by the printer, then the 
printer sends the portions of the print job that cannot be processed by the 
25 printer to an external rendering device, and the printer receives rendered 
portions of the print job from the external rendering device. 
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16. A printer as recited in claim 15 wherein the communication 
interface is a network communication interface coupled to the Internet. 

17. A printer as recited in claim 15 wherein the external rendering 
5 device is a server coupled to the communication interface. 

18. A printer as recited in claim 15 wherein the printer sends a first 
portion of the print job that cannot be processed by the printer to a first external 
rendering device and the printer sends a second portion of the print job that 

1 0 cannot be processed by the printer to a second external rendering device. 
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ABSTRACT 

A printer handles a print job by determining whether the entire print job 
can be processed locally by the printer. If possible, the printer processes the 
print job locally. If the entire print job cannot be processed locally, then the 
printer sends the print job (or a portion of the print job) to an external rendering 
device. The printer receives a rendered print job (or a rendered portion of a 
print job) from the external rendering device. Finally, the printer prints the 
rendered print job. If different portions of the print job require processing by 
different external rendering devices, then portions of a particular print job may 
be distributed to multiple external rendering devices. An external rendering 
device may be a server coupled to the printer via the Internet. 



17 



Case No. 10992503-1 



Printer 



Processor 
120 



EEPROM 
122 



Random Access 
Memory (RAM) 
124 



User Interface and 
Menu Browser 
132 



Disk Drive 
126 



Network Interface 
128 



Serial/Parallel 
Interface 
130 



Display Panel 
134 



Workstation 



Processor 
140 



Memory | 
142 J 



User Input Devices 
144 



Disk Drive 
146 



Interfaces (I/O) 
148 



Floppy Disk Drive 
150 



CD-ROM Drive 
152 



0 pty. 3 



A Printer User Selects a Particular 
Document to Print 



Printer Determines Whether the Entire Print 
Job can be Processed Locally by the Printer 



Yes 



Printer Processes 
the Print Job 



-206 




-200 



-202 



Identify the Portions of the Print Job that 
cannot be Processed Locally by the 
Printer 



212 - 



Send the Portions of the Print 
Job that cannot be Processed 
Locally to One or More External 
Rendering Devices 







Receive Rende 
the Print Job frc 
Renderin 


red Portions of 
Dm the External 
g Devices 



Printer Processes the 
Portions of the Print Job 
it is Capable of 
Processing 



Print the Entire Print Job 



A Printer User Selects a Particular 
Document to Print 



-270 



The Printer Identifies a URL Associated with 
the Document and Accesses that URL 



The Printer Receives an HTML Document 
Associated with the URL 



The Printer Determines Whether it Can Print 
the Entire HTML Document 



Yes 



The Printer 
Prints the HTML 
Document 



Can Printer Process 
Entire HTML Document?. 



[No 



Printer Identifies Portions of the HTML 
Document that it cannot Process 



284- 



286 - 



Printer Sends the 
Portions that the Printer 
cannot Process to 
External Rendering 
Devices 



Printer Receives the 
Rendered Portions 
from External Devices 



-288 



Printer Processes the 

Portions that it is 
Capable of Printing 



6 



Printer Prints the HTML Document 



-290 



PATENT APPLICATION 



DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 



ATTORNEY DOCKET NO. 10992503-1 



As a below named inventor, I hereby declare that: 

My residence/post office address and citizenship are as stated beiow next to my name; 
I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: 

Distributed Rendering Of Print Jobs _ 

the specification of which is attached hereto unless the following box is checked: 

( ) was filed on as US Application Serial No. or PCT International Application 



and was amended on _ 



I hereby state that I have reviewed and understood the contents of the above-identified specification, 
including the claims, as amended by any amendment(s) referred to above. I acknowledge the duty to 
disclose all information which is material to patentability as defined in 37 CFR 1 .56. 

Foreign Application(s) and/or Claim of Foreign Priority 

I hereby claim foreign priority benefits under Title 35, United States Code Section 1 1 9 of any foreign application(s) for patent or 
inventor(s) certificate listed below and have also identified below any foreign application for patent or inventor(s) certificate having 
a filing date before that of the application on which priority is claimed: 



APPLICATION N 



'RIORITY CLAIMED UNDER 35 U.S.C. 1 



Provisional Application 

I hereby claim the benefit under Title 35, United States Code Section 119(e) of any United States provisional application(s) listed 
below: 



APPLICATION Si 



U. S. Priority Claim 

I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the 
manner provided by the first paragraph of Title 35, United States Code Section 1 1 2, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, Section 1.56(a) which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application: 

APPLICATION SERIAL NUMBER FILING DATE STATUS (patented/pending/abandoned) 



POWER OF ATTORNEY: 

As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) t 
business in the Patent and Trademark Office connected therewith: 



prosecute this applic 



Customer Number 022879 



Place Customer 
Number Bar Code 
Label here 



Send Correspondence to: 
HEWLETT-PACKARD COMPANY 
Intellectual Property Administration 
P.O. Box 272400 

Fort Collins, Colorado 80528-9599 



Direct Telephone Calls To: 
Anthony J Baca 
(208) 396-3597 



I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

Citizenship: jp 



Full Name of Inventor: Masumi Senoo 

Residence: 1-22-14, Asahiqaoka Hino-shi. Tokyo 191-0065. Japan 
Post office Address: Same as residence . 



rentbr's Signature 



DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION (continued) 



ATTORNEY DOCKET NO . 10992503-1 



Full Name of # 2 joint 

Residence: 

Post Office Address: 



Kazuo Aoyama 



Citizenship: JP 



Inventor's 'Signamre 



2-27-14-201 Asahigaoka Hino-shi, Tokyo 191-0065 Japan 
Same as residence 



Full Name of # 3 joint inventor: Shahzad H. Bhatti 

Residence: 



Post Office Address: 



Inventor ^signature 



11342 W. Hickory Loop Dr., Boise, ID 83713 



Same as residence 



Full Name of # 4 joint 

Residence: 

Post Office Address: 



Inventor s Signature 



Full Name of # 5 joint inventor: 
Residence: _ 
Post Office Address: _ 



Inventor's signature 



Full Name of # 6 joint inventory 

Residence: 

Post Office Address: 



Inventor's signature 



Full Name of # 7 joint inventor: 

Residence: 

Post Office Address: 



: signature 



Full Name of # 8 joint inventor:^ 

Residence: 

Post Office Address: 

Inventor s signature 



12/99 IDecPwr) 



e Page Two For Additions 



✓entor(s) Signature(s)) 



